Inspired by recent success in graphene based research [1] [2] [3] , monolayer or few-layer nanostructures derived from other layered materials such as hexagonal Boron Nitride (h-BN) and transition-metal dichalcogenides including MoS 2 , WS 2 etc. have received increasing attention due to their potential for a range of applications [4] [5] [6] [7] . Unlike conductive graphene and insulating h-BN, atomic layered MoS 2 is a semiconductor material with a direct bandgap, offering possibilities of fabricating high performance devices with low power consumption in a more straight-forward manner 8 . In a recent effort to fabricate single-layer MoS 2 transistors, impressive mobility of at least 200 cm 2 V -1 s -1 has been demonstrated using a halfnium oxide (HfO 2 ) gate dielectric 8 , a big increase from 0.5 -3 cm 2 V -1 s -1 reported earlier using a silicon oxid e gate dielectric 1 . However, the traditional mechanical exfoliation method is still employed to obtain the MoS 2 atomic layer with rather modest foot-print, limiting its usefulness in a commercially viable device. Liquid exfoliation of layered materials includ ing MoS 2 has been proposed to be a promising large scale synthesis method for twodimensional nanosheet 9 . Although it is quite facile to create hybrid dispersions or composites using this method, its application into device applications still needs further development. Other methods includ ing hydrothermal methods that were employed to synthesize MoS 2 nanosheet have similar limitations [10] [11] [12] . Therefore, large area synthesis of monolayer and few-layer MoS 2 that is compatible with current micro-or nano-fabrication processes will greatly facilitate the integration of this fascinating material into future device applications. In the present work, we report that a rather simple and direct elemental reaction between Mo and S can produce large area good quality MoS 2 atomic layers on SiO 2 substrates.
In a typical procedure, samples (Mo thin films deposited on SiO 2 substrates) placed in a ceramic boat were placed in the center of a tube furnace (Lindberg, Blue M, quartz tube). Another ceramic boat holding pure sulfur (1-2g, Fisher Scientific, USP grade) was placed in the upwind low temperature zone in the quartz tube.
During the reaction, the temperature in the low temperature zone were controlled to be a little above the melting point of sulfur (113 o C). The quartz tube was first kept in a flowing protective atmosphere of high purity N 2 , the flow rate of which was set at 150-200 sccm. After 15 minutes of N 2 purging, the furnace temperature was gradually increased from room temperature to 500 o C in 30 minutes. Then the temperature was increased again from 500 o C to 750 o C in 90 minutes and was kept at 750 o C for 10 minutes before cooled down to room temperature in 120 minutes. Figure s1 shows a schematic illustration of the reaction condition of this CVD process. Raman spectroscopy (Renishaw inVia) was performed with 514.5 nm laser excitation. Scanning electron microscope (FEI Quanta 400) and high resolution transmission electron microscopy (HRTEM, JEOL-2100) equipped with electron energy loss spectrum (EELS) and GIF filter were employed for imaging and chemical analysis of the samples. X-ray photoelecton spectroscopy (XPS, PHI Quantera) was performed using monochromatic aluminum KR X-rays. MultiPak software was used for XPS data analyses.
As illustrated in Fig. 1a To further confirm the quality of the MoS 2 atomic layers prepared by our CVD method, Raman spectra on as-prepared MoS 2 atomic layers, as well as mechanically exfoliated thin flakes were collected for comparisons. As shown in Figure 4 , ) is subject to the nano-scale and random-distributed grains in CVD MoS 2 (Fig. 3c) , therefore showing a lower relative intensity compared to mechanical exfoliated MoS 2 . It is supported by further studies on the DF TEM image of exfoliated MoS 2 flakes. Their grain size is much larger, typically at the order of microns or more (Fig. 3f) . Raman mapping was taken from the dashed area (35 µm×45µm) shown in Fig. 4c , which is a typical edge area of a large size atomic MoS 2 layer prepared by our CVD method. Fig. 4d and 4e represent the intensity mapping (E The photoresist could be removed by acetone and PG-REMOVER. The electrical measurements were carried out using two Keithley 2400 source meters connected with a CTI Cryodyne Refrigeration System to provide a temperature ranging from 15K to 450K and a vacuum down to 7×10 -6 Torr. Their electrical transport properties are shown in Figure 5 . Fig. 5a is a typical device with an electrode spacing ~ 9µm and the length of the electrodes is ~100 µm. (intensity)/Si(intensity)), indicating the number of layers. Figure S2 shows an illustration of the reaction condition of this CVD process. The calculated atomic concentration of S and Mo are 68.49% and 31.51%, with a ratio close to 2:1. Au is an inert metal and does not react with sulfur in during synthesis of MoS 2 . The thicknesses of gold films are proved to be a key factor in our experiments. Thickness below100 nm was not thick enough and would shrink into isolated micro-balls on silicon substrate after the annealing process during synthesis. Au films with a thickness of ~350nm are finally determined. Figure S5 shows optical, SEM images and Raman spectrum of typical (Fig. S5d) .
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